2)
We found that populations in Guangdong, Fujian, Guangxi and Yunnan provinces are recognized as good populations for process of "Tiepi Fengdou", 3) however the plants growing in nearby provinces (Jiangxi, Zhejiang etc.) always be processed as adulterants in production areas. The stems of different populations are so similar in morphological and anatomical characters to the others, 4) it is very difficult to distinguish them by traditional authentication methods. A sensitive, convenient, and population-specific molecular method for identification of different populations is urgently needed.
In our previous studies, rDNA internal transcribed spacer (ITS) regions of D. officinale and other adulterant species were sequenced and one pair of allele-specific diagnostic primers was designed to distinguish D. officinale from its adulterants. 2, 5) Several populations of D. officinale have ever been authenticated by intersimple sequence repeat (ISSR) markers, 6) but this technique maybe have some disadvantages such as lower stability than sequences etc., new methods for population authentication should be developed for selection of germplasm resources during the process of good agriculture practice (GAP) and identification of botanical origins of drugs during crude drug quality control.
As one of the third generation molecular markers following the first generation markers (e.g. RFLP) and the second generation markers (e.g. SSR), SNPs have many advantages such as ease of use, most abundant polymorphisms in genome and easy to automate. 7, 8) The nrDNA ITS region, matK, rbcL and nad1 intron2 have been widely used in molecular authentication and genetic structure analysis. [9] [10] [11] [12] ARMS (amplification refractory mutation system), which has also been described as allele-specific polymerase chain reaction (PCR), is on the basis of single nucleotide polymorphisms (SNPs) of different sequences and has been successfully used for herbs and their adulterants authentication. 5, 13, 14) gDNA SSH (genomic DNA suppression subtraction hybridization) is an efficient and sensitive PCR-based gDNA subtraction method and is capable to be applied to germplasm authentication, genetic mapping and gene tagging, molecular marker-assisted breeding and species identification. 15, 16) In the present study, sequences of chloroplast genes (matK and rbcL), nuclear rDNA ITS regions, mitochondria gene nad1 intron2 would be analyzed and diagnostic primers for ARMS would be designed for population authentication. Moreover, a new method (gDNA SSH) would be applied to germplasm authentication between populations with no sequence variation of four inspected genes.
MATERIALS AND METHODS

Materials
The plant samples were collected from six provinces of China (Table 1) . Fifty crude drug ("Fengdou") samples were purchased from markets near the fields of D. officinale ( Table 2) .
Isolation of Total DNA, PCR Amplification and Sequencing Genomic DNAs were extracted from dried leaves and stems by Dneasy Plant Mini Kits (QIAGEN) according to the manufacturer's protocol.
The whole rDNA ITS regions were amplified as previously published.
2) Three pairs of primers flanking the matK gene, partial rbcL gene, and complete nad1 intron2 regions were designed as follows: matKF (5Ј-CCTATATCCGCTACTC- Table 1 were directly sequenced by Shanghai Invitrogen and were cloned and sequenced by Shanghai Sangon Co., Ltd.
Data Analysis and ARMS Analysis Sequences were aligned using Clustal X 1.8 and analyzed using MEGA 3.1. Aligned sequences have been submitted to GenBank with the accession numbers listed in Table 1 . Based on the nucleotide substitutions at different position (Table 3) , six pairs of diagnostic primers for authentication of six populations were designed ( Table 4 ). The ARMS amplifications was performed using DNA of all the plants as a template in 30 ml of reaction mixture, consisting of 1.5 mM MgCl 2 , 0.8 mM dNTPs, 0.2 mM of each primer and 1 U Taq Polymerase (TaKaRa, Dalian). The cycling conditions were: hot start at 94°C for 5 min, followed by 30 cycles of 94°C for 30 s, 55-63°C for 45 s and 72°C for 1.5 min, and final extension at 72°C for 7 min. At least three independent experiments for ARMS were performed to verify the stability and reproducibility of this method.
SSH and Differential DNA Fragment Cloning Aliquots of 40 ml of DNA (extracted with phenol : chloroform : isoamyl alcohol (25 : 24 : 1)) were completely digested with 2 ml RsaI (GT↓AC) in 50 ml reaction mixture. The digested gDNA fragments of populations GGL and JSR were paired as tester and driver. Two adaptors (Adaptor 1: 5Ј-CTAATACGACTCACTATAGGGCTCGAGCGGCCGC-CCGGGCAGGT-3Ј, Adaptor 2: 5Ј-CTAATACGACTCACT ATAGGGCAGCGTGGTCGCGGCCGAGGT-3Ј) and three primers (primer 1: 5Ј-CTAATACGACTCACTATAGGGC-3Ј, Nested primer 1: 5Ј-TCGAGCGGCCGCCCGGGCAGGT-3Ј, Nested primer 2: 5Ј-AGCGTGGTCGCGGCCGAGGT-3Ј) were used in SSH according to Li et al. 16) A volume of 1 ml of the tester DNA was ligated to 2 ml of two adaptors respectively and the reaction was run at 16°C overnight. The adaptor-ligated tester then hybridized for two rounds with excessive driver. Primer 1 was used in the first PCR amplification of the hybridized products. The reaction volume was 25 ml containing 2.5 ml 10ϫPCR buffer, 1.5 mM Mg 2ϩ , 0.2 mM dNTP, 0.48 mM primer 1, 1 ml SSH products and 1 U of Taq Polymerase (TaKaRa, Dalian), with the following cycling conditions: filling the adaptors for 2 min at 72°C, one cycle consisting of 94°C for 3 min, followed by 30 cycles of 94°C for 50 s and 66°C for 45 s, and 72°C for 80 s, and final extension at 72°C for 8 min. Products of the first PCR amplification was diluted with distilled water and then the secondary amplification system with Nested primers was the same as before except annealing temperature was 554 Vol. 31, No. 4 
G G a) Nucleotides with frames are the single nucleotide polymorphisms (SNPs) sites.
68°C. The secondary PCR products were purified using DNA Gel purification Kit (BBI, Canada) and 5 ml purified PCR products were ligated with vector pMD18-T (TaKaRa, Dalian) in a 10 ml ligation reaction containing 5 ml 10ϫLiga-tion Buffer, 1 ml pMD18-T vector. The ligation reaction was done at 16°C overnight. The ligated products were transferred into Escherichia coli DH5a cells and positive clones were selected to be sequenced by Shanghai Invitrogen. (Table 3 ). The GϩC content of ITS1 and ITS2 ranges from 52.1 to 52.4%. There was also no difference between individuals of the same population in ITS region in our research.
RESULTS
Authentication of Six
These variable sites existed in ITS regions between populations of D. officinale could be called single nucleotide polymorphisms (SNPs). Nine variable sites can be used to distinguish JGC, GSG, GHJ, FSC, ZTT and YWS populations respectively. Populations JGC, GSG and GHJ could be identified by the nucleotide differences at positions No. 16 (Table 3) .
Six diagnostic primer pairs were designed to authenticate all samples of different populations via ARMS. The reverse primers "JR" of six diagnostic primer pairs are of the same sequences (Table 4) . About 6-12 individuals from per population were checked with these six pairs of primers, and individuals of each population generated population-specific fragments with different size and annealing temperature ( Table 4 , Fig. 1 ). Therefore, six pairs of diagnostic primers could be used to authenticate six populations of D. officinale.
Authentication of JSR and GGL Populations Using SSH Smear was produced after hybridization of JSR and GGL populations and gDNA fragments was produced in size from 100 to 500 bp and dominant about 250 bp. As many as 100 white color clones were selected to validate the efficiency of SSH and Nested primers were used to amplify the selected clones. The ratios of positive clones are 80%. One specific fragment (about 200-400 bp) of GGL population was selected to be sequenced by Shanghai Invitrogen. Total length of the sequence was 231 bp and GϩC content was 53.2%. The sequence was submitted to GenBank (Accession number ER895586) and no homogeneous sequence was found after blasted in NCBI.
A pair of diagnostic primers (SSH-JB01: TAGCTCTT-CGCCACGGCGA, SSH-JB02: GTTCCGACAGAGCGTA-GG) were designed according to the specific sequence, which could authenticate population GGL from population JSR effectively with 160 bp fragments. The sequence obtained by SSH has no significant similarity with other sequences in GenBank. Meanwhile, no amplified products were generated from other populations (Fig. 2) . 
JR TTATTGATATGCTTAAACTCAGCGGG **** **** **** **** **** **** **** **** **** **** primer The reverse primers "JR" of six diagnostic primer pairs are of the same sequences. Table 1 . A-F: The letters are the same as diagnostic primer pair code in Table 4 . M, DL2000 DNA marker.
Authentication of "Fengdou" Drugs Obtained in the Market Fifty drug samples (Table 2) were investigated to identify their botanic origins by using the above SNP, ARMS and SSH methods. Their ITS PCR products, amplified with a pair of universal primers P1 (5Ј-CGTAACAAGGTTTC-CGTAGGTGAAC-3Ј) and P2 (5Ј-TTATTGATATGCTTA-AACTCAGCGGG-3Ј), were of 640 bp and 635 bp. Seven samples with fragments of 640 bp were D. loddigessi (Fig. 3:  FD1-7 ; GenBank No. AF311778) and of the other samples with fragments of 635 bp, five were D. moniliforme (Fig. 3:  FD8-12 ; GenBank No. AF311777) and the remainder 38 samples were D. officinale. ARMS method with six sets of primers was used to authenticate D. officinale drug samples. Twelve drug samples were from Shunchang City, Fujian Province (Fig. 3: FD13-24) , one sample from Wenshan City, Yunnan Province (Fig. 3: FD25 ) and fifteen samples from Shaoguan City, Guangdong Province (Fig. 3: FD26-40) , respectively. As for the last 10 samples that can not be identified by ARMS, SSH diagnostic primers and ITS sequences were used. Five drug samples were from Guilin City, Guangxi Province by SSH (Fig. 3: FD41-45) , whereas those of the other 5 samples had the same sequence (GenBank No. EF221854), so could not be authenticated respectively.
DISCUSSION
D. officinale is a rare but commonly used Chinese tonic herbal medicine. There is a consensus among Chinese medicinal practitioners that Chinese herbs grown or cultivated in different localities differ in their therapeutic potency.
6) The selection of good populations has become a key issue in the modernization of traditional Chinese medicine. However the similar morphologic and anatomic components make it impossible to authenticate populations completely by traditional methods, new molecular authentication methods for the distinction of original areas of D. officinale are needed. DNA sequences carry lots of genetic information that is special for each plant. 17) Molecular methods such as SNP analysis, 18) ARMS 19) and SSH 16) have been widely used for authentication of medicinal herbs based on DNA sequences.
SNPs have higher stability and reliability than other markers (such as RAPD, ISSR) and have been widely used in studies of marker assisted breeding (MAB) and herbs identification. 18, 20) In our study, four genes of chloroplast, nuclear and mitochondria with different substitution rate were used for SNPs development. No mutation sites were found in sequences of matK, rbcL and nad1 intron2 among D. officinale populations and individuals although SNPs were found between populations of other herbs. 10, 11) rDNA ITS regions were successfully used to develop SNPs of D. officinale according to the higher substitution rate and six populations could be authenticated with nine SNPs sites. There was low variation rate of ITS sequence at species level [21] [22] [23] and lower variation rate existed at population level of different plants, 24, 25) so more lower variation rate may appear at individual level. This was maybe why different individuals of the same population have the same ITS sequence in our research. Comprehensive SNPs analysis of the whole genome was proceeding during the future research.
ARMS is simple, time-saving and effective during authentication of adulterants and crude drugs. 5, 14, 26) In the present study, six pairs of diagnostic primers were designed to amplify rDNA ITS region of six wild populations and "Fengdou" drugs. GSG, FSC, and YWS populations that compatible of processing "Tiepi Fengdou" could be successfully differentiated by ARMS ( Fig. 1: B2, D4, E5 ). We are establishing the most suitable conditions by changing the annealing temperature and time, concentration of Mg 2ϩ and other factors. Nevertheless, twenty-eight "Fengdou" drugs ( Fig. 3:  FD13-24, FD25 , FD26-40) were authenticated using the ARMS method together with the information on the producing area, where was mostly consistent with the collection areas. The botanical origins of D. officinale plants and drugs were conveniently confirmed by ARMS, which will be helpful to be applied to authentication of other herbs.
GGL and JSR populations are of the same ITS sequences and no primer could be designed for authenticating, so SSH was used to identify them. SSH is a new PCR-based DNA subtraction method, and is effective to select target fragments (differentially expressed) from the whole genome. 15, 16, 27) The most important feature of SSH is capable of producing specific fragments and is helpful for inter-species identification. 28, 29) It was first used for authentication of populations of this rare and endangered medicinal herbs and populationspecific sequences could be found from the whole genome with good reproducibility. GGL population was identified from JSR population and the other six populations by diagnostic primers (SSH-JB01, SSH-JB02) from the populationspecific sequence. GGL population that is also compatible of processing "Tiepi Fengdou", the plants (Fig. 2) and drugs Table 1 . M, DL2000 DNA marker. ( Fig. 3: FD41-45) could be successfully authenticated with this new method on condition that other methods had no result.
The present investigation showed that the SNPs, ARMS and SSH methods were established as convenient tools for identification of wild populations of D. officinale. We also successfully applied this combined method to "Fengdou" drugs obtained in the market and drug samples were successfully authenticated. So the combined methods are expected to be useful instructions for quality control of crude drugs and for predicting their producing areas. Now, chemical components analysis of different populations is underway after the origins of D. officinale were unambiguously identified by molecular analysis. This research point will be reported in a forthcoming paper.
